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CLAIMS 



1. A structure comprising a base material 
characterized in that the base material is coated at 
5 least partly with a polyhydroxyalkanoate containing 
at least one monomer unit selected from the group 
consisting of those represented by one of the 
chemical formulae [1] to [8] : 



10 (wherein, the monomer unit is at least one selected 

from the group consisting of monomer units in which a 
combination of Rl and "a" is any one of combinations, 
wherein Rl is vinyl group; and "a" is an integer of 1 
to 10), 



(wherein, "b" is an integer of 1 to 8; and R2 is one 



CH 2 )a 

f-0— CH— CH— CO-) 



[1] 




selected .from the group consisting of CH 3 , C 2 H 5 , C 3 H 7 , 
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vinyl and epoxy groups, and C00R21 (R21 is H, Na or K 
atom) , which are independently applicable to each 
unit when there are 2 or more units) , 



R3 




O [3] 

:ch 2 )c 

— (-0— CH— CH— CO-}— 

5 (wherein, "c" is an integer of 1 to 8; and R3 is one 
selected from the group consisting of CH 3 , C 2 H 5 , C 3 H 7 
and SCH 3 groups, which are independently applicable 
to each unit when there are 2 or more units), 

[O CH— CH2-CO-]-- 




10 (wherein, "d" is an integer of 0 to 8; and R4 is 

selected from the group consisting of H and a halogen 
atoms, and CN, N0 2 , CH 3 , C 2 H 5 , C 3 H 7 , CF 3 , C 2 F 5 and C 3 F 7 
groups when "d" is 0, and selected from the group 
consisting of CH 3 , C 2 H 5 and C 3 H 7 groups when "d" is 1 
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to 8, which are independently applicable to each unit 
when there are 2 or more units), 



-fo- 



GH— CHjj— Q0— ]— 
CH 2 )e 



CH, 



[5] 



(wherein, "e" is an integer of 1 to 8) , 



[o 1 



CH— CH— CO— |— 

;cH 2 )f 




[6] 



10 



(wherein, "f" is an integer of 1 to 8; and R6 is one 
selected from the group consisting of CH 3 , C 2 H 5 , C 3 H 7 , 
(CH 3 )2-CH and (CH 3 )3-C group, which are independently 
applicable to each unit when there are 2 or more 
units) , 
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[O — CH-CHj-CO-^- 

<CH 2 )g 

s— 0 




(wherein, "g" is an integer of 1 to 8; and R7 is a H 
or halogen atom, or CN, N0 2 , COOR71 (R71 is H, Na, K, 
CH 3 or C 2 H 5 ) , S0 2 R72 (R72 is OH, ONa, OK, a halogen 
5 atom, OCH 3 or OC 2 H 5 ) , CH 3 , C 2 H 5 , C 3 H 7 , (CH 3 ) 2 -CH or 

(CH 3 ) 3 -C group, which are independently applicable to 
each unit when there are 2 or more units) , and 



[O CH— CHj-CQ-^- 

CH 2 )g 



0: 



S 



0 




{wherein, "g" is an integer of 1 to 8; and R7 is H or 
10 a halogen atom, or CN, N0 2 , C00R71 (R71 is H, Na, K, 
CH 3 or C 2 H 5 ), S0 2 R72 (R72 is OH, ONa, OK, a halogen 
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atom, OCH 3 or OC 2 H 5 ) , CH 3 , C 2 H 5 , C 3 H 7 , (CH 3 ) 2 -CH or 
(CH 3 ) 3 -C group, which are independently applicable to 
each unit when there are 2 or more units) . 

2. The structure according to claim 1, wherein 
5 the polyhydroxyalkanoate is chemically modified at 

least partly. 

3. The structure according to claim 2, wherein 
the chemically modified polyhydroxyalkanoate has at 
least a graft chain. 

10 4. The structure according to claim 3, wherein 

the graft chain is chemically modified with a 
polyhydroxyalkanoate which contains a monomer unit 
having at least one selected from the group 
consisting of a halogen atom, and vinyl, epoxy and 

15 carboxyl groups. 

5. The structure according to claim 3, wherein 
the graft chain is of a compound which has at least 
one selected from the group consisting of thiol, 
hydroxy!' and amino groups . 

20 6. The structure according to claim 2, wherein 

the polyhydroxyalkanoate is crosslinked at least 
partly. 

7. The structure according to claim 6, wherein 
the crosslinked polyhydroxyalkanoate contains a 

25 monomer unit having one selected from the group 
consisting of vinyl and epoxy group. 

8. The structure according to claim 1, wherein 
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the base material is particulate. 

9. The structure according to claim 8, wherein 
the base material contains a colorant. 

10. A toner which contains the structure. 
5 according to claim 8 . 

11. The structure according to claim 1, wherein 
the base material is in the form of flat plate or 
film. 

12. The structure according to claim 1, wherein 
10 the monomer unit composition in the 

polyhydroxyalkanoate varies from the structure inside 
towards the outside of the structure. 

13. The structure according to claim 1, wherein 
the base material carries a polyhydroxyalkanoate 

15 synthetase immobilized thereon. 

14. A method for forming an image by supplying 
the toner according to claim 10 onto a recording 
medium. 

15. A device for forming an image by supplying 
20 the toner according to claim 10 onto a recording 

medium. 

16. A method for producing a structure having a 
base material coated with a polyhydroxyalkanoate at 
least partly, comprising the steps of immobilizing an 

25 polyhydroxyalkanoate synthetase on the surface of the 
base material; and polymerizing a 3-hydroxyacyl 
coenzyme A selected from the group consisting of 



WO 2004/097530 




PCT/JP2004/006349 



125 



those represented by one of the chemical formulae [9] 
to [15] with the aid of the polyhydroxyalkanoate 
synthetase to synthesize the polyhydroxyalkanoate 
comprised of a monomer unit selected from the group 
5 consisting of those represented by one of the 
chemical formulae [1] to [8] : 

R1 

I 

(CH 2 )a m 
— (-0— CH— CH— CO-)— 

(wherein, the monomer unit is at least one selected 
from the group consisting of monomer units in which a 
10 combination of Rl and "a" is any one of combinations, 
wherein Rl is vinyl group; and "a" is an integer of 1 
to 10), 



R2 




CH 2 )b 

— {-O— CH — CH— CO-)— 

(wherein, "b" is an integer of 1 to 8; and R2 is one 
15 selected from the group consisting of CH 3 , C 2 H 5 , C 3 H 7 , 
vinyl and epoxy groups, and C00R21 (R21 is H, Na or K 
atom) , which are independently applicable to each 
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unit when there are 2 or more units) , 



R3 




I 

(CH 2 )c 

— (-0 — CH— CH— CO-)— 

(wherein, "c" is an integer of 1 to 8; and R3 is one 
selected from the group consisting of CH 3 , C 2 H 5 , C 3 H 7 
5 or SCH 3 groups, which are independently applicable to 
each unit when there are 2 or more units), 

\o CH— CH^CO-]- 

CH 2 )d 




(wherein, "d" is an integer of 0 to 8; and R4 is 
selected from the group consisting of H and halogen 
10 atoms, and CN, N0 2 , CH 3 , C 2 H 5 , C 3 H 7 , CF 3 , C 2 F 5 and C 3 F 7 
groups when "d" is 0, and selected from the group 
consisting of CH 3 , C 2 H 5 and C 3 H 7 groups' when "d" is 1 
to 8, which are independently applicable to each unit 
when there are 2 or more units) , 
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[O i 



CH-CHj-CO-j- 
CH 2 )e 



CH, 



[51 



(wherein, "e" is an integer of 1 to 8), 



Ho- 



CH-CHj-CO-]- 

;cH 2 )f . 




(wherein, "f" is an integer of 1 to 8; and R6 is one 
selected from the group consisting of CH 3 , C 2 H 5 , C 3 H 7 , 
(CH 3 ) 2 -CH and (CH 3 ) 3 -C groups, which are independently 
applicable to each unit when there are 2 or more 
units) , 
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(wherein, "g" is an integer of 1 to 8; and R7 is H or 
halogen atom, or CN, N0 2 , COOR71 (R71 is H, Na, K, CH 3 
or C 2 H 5 ) , S0 2 R72 (R72 is OH, ONa, OK, halogen atom, 
5 ' OCH 3 or 0C 2 H 5 ), CH 3 , C 2 H 5/ C3H7, (CH 3 ) 2 -CH or (CH 3 ) 3 -C 
group, which are independently applicable to each 
unit when there are 2 or more units), 

[O CH-CH— C0-]- 

CH 2 )g 
0=S=0 




(wherein, "g" is an integer of 1 to 8; and R7 is H or 
10 halogen atom, or CN, N0 2/ COOR71 (R71 is H, Na, K, CH 3 
or C 2 H 5 ) , S0 2 R72. (R72 is OH, ONa, OK, halogen atom, 
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OCH 3 or OC2H5) , CH 3 , C2H5, C 3 H 7 , (CH 3 ) 2 -CH or (CH 3 ) 3 -C 



group, which are independently applicable to each 



unit when there are 2 or more units), 



OH 

R1 — f— CH r -) — CH-CHfCO-SCoA 

[9] 



5 (wherein, -SCoA is a coenzyme A bound to an alkanoic 



acid; "a" is an integer of 1 to 10, corresponding to 
"a" in the monomer unit represented by the formula 
[1]; and Rl is vinyl group), 



10 (wherein, -SCoA is a coenzyme A bound to an alkanoic 
acid; "b" is an integer of 1 to 8, corresponding to 
"b" in the monomer unit represented by the formula 
[2].; and R2 is one selected from the group consisting 
of CH 3 , C 2 H 5/ C 3 H 7 and vinyl groups, corresponding to 

15 R2 in the monomer unit represented by the formula [2], 




[to] 




(wherein, -SCoA is a coenzyme A bound to an alkanoic 



acid; "c" is an integer of 1 to 8, corresponding to 
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"c" in the monomer unit represented by the formula 
[3]; and R3 is one selected from the group consisting 
of CH 3 , C 2 H 5 , C 3 H 7 and SCH 3 groups , corresponding to R3 . 
in the monomer unit represented by the formula. [3] , 




(wherein, -SCoA is a coenzyme A bound to an alkanoic 
acid; "d" is an integer of 0 to 8, corresponding to 
"d" in the monomer unit represented by the formula 
[4]; and R4 is from the group consisting of H and 
10 halogen atoms, and CN, N0 2 , CH 3 , C 2 H 5 , C 3 H 7 , CF 3 , C 2 F 5 
and C 3 F 7 groups when "d" is 0, and one selected from 
the group consisting of CH 3A C 2 H 5 and C 3 H 7 groups when 
"d" is 1 to 8, corresponding to R4 in the monomer 
unit represented by the formula [4], 

y=v OH 

[13] 

* 15 

(wherein, -SCoA is a coenzyme A bound to an alkanoic 
acid; "e" is an integer of 1 to 8, corresponding to 
"e" in the monomer unit represented by the formula 
[5], 



WO 2004/097530 




PCT/JP2004/006349 



131 




(wherein, -SCoA is a coenzyme A bound to an alkanoic 
acid; "f" is an integer of 1 to 8, corresponding to 
"f" in the monomer unit represented by the formula 
5- [6]; and R6 is one selected from the group consisting 
of CH 3 , C 2 H 5 , C 3 H 7 , (CH 3 ) 2 -CH and (CH 3 ) 3 -C group, 
corresponding to R6 in the monomer unit represented 
by the formula [6], and 




10 (wherein, -SCoA is a coenzyme A bound to an alkanoic 
acid; "g" is an integer of 1 to 8, corresponding to 
"g" in the monomer unit represented by one of the 
formulae [7] and [8]; and R7 is one selected from the 
group consisting of H and halogen atoms, and CN, N0 2 , 

15 COOR71 (R71 is H, Na, K, CH 3 or C 2 H 5 ) , SO z R72 (R72 is 
OH, ONa, OK, a halogen atom, OCH 3 or OC 2 H 5 ), CH 3 , C 2 H 5 , 
C3H7, (CH 3 )2-CH'and (CH 3 ) 3 -C groups, corresponding to 
R7 in the monomer unit represented by formulae [7] 
and [8] . 

20 17. The method for producing a structure 

according to claim 16, wherein the monomer unit of 
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polyhydroxyalkanoate coating the base material is 
oxidized into a monomer unit of different species. 

18. The method for producing a structure 
according to claim 17, wherein the monomer unit to be 

5 oxidized is represented by the formula [2] with R2 of 
vinyl group, and the monomer unit of different 
species is represented by the formula [2] with R2 of 
epoxy group or COOR21 (R21 is H, Na or K atom) . 

19. The method for producing a structure 

10 according to claim 17, wherein the monomer unit to be 
.oxidized is represented by the formula [16] , and the 
monomer unit of different species is represented by 
one of the formulae [7] and [8] : 




15 . (wherein, "g" is an integer of 1 to 8; and R7 is H or 
halogen atom, or CN, N0 2 , C00R71 (R71 is H, Na, K, CH 3 
or C 2 H 5 ) ,, S0 2 R72 (R72 is OH, ONa, OK, a halogen atom, 
0CH 3 or OC2H5), CH 3 , C 2 H 5 , C3H7, (CH 3 ) 2 -CH or (CH 3 ) 3 -C 
group, which are independently applicable to each 
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unit when there are 2 or more units) . 

20. The method for producing a structure 
according to one of claims 16 to 19, further 
comprising the step of chemically modifying, at least 

5 partly, the polyhydroxyalkanoate coating the base 
material . 

21. The method for producing a structure 
according to claim 20, wherein the chemical 
modification step reacts at least part of the 

10 polyhydroxyalkanoate with a compound having a 

reactive functional group at the terminal to add a 
graft chain to at least part of the 
polyhydroxyalkanoate. 

22. The method for producing a structure 
15 according to one of claims 16 to 19, wherein 

composition, of the 3-hydroxyacyl coenzyme A is varied 
with time to vary the monomer unit composition in the 
polyhydroxyalkanoate from the inside towards the 
outside of the structure. 
20 23. A method for producing a toner comprising 

the step of producing the particulate structure 
according to one of claims 16 to 19. 



